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ABSTRACT 
Gaafar Abdalla Gaboush Yagoup 
Effect Of Urea Treated Sorghum Husk (Butab) On Sheep Performance 
M. Sc in Animal Production 
    Twelve male sheep (18-20 kg BW) were used in this study to 
determine the feeding value of the urea treated sorghum husk (Butab). 
The animals were divided into two groups, one group offered sorghum 
grain, wheat bran, molasses and groundnut cake (conventional diet), and 
the other group was offered the same ration but 40% of the ration was 
substituted by urea treated sorghum husk (urea treated sorghum husk 
diet). Chemical composition, feed intake, dry matter digestibility, weight 
gain and cost per kg live weight gain were evaluated. 
    Urea treatment significantly increased CP content and reduced the 
hemi-cellulose. However, feed intake of dry matter was not reduced 
when the 40% of the concentrated ration was substituted by urea treated 
husk. However, digestibility of DM, , and CP were not significantly for 
sheep offered the conventional diet compared with urea treated sorghum 
husk diet. Moreover, the average daily weight gain was higher in the 
III 
 
conventional diet compared to the urea treated sorghum husk diet. 
However, the cost of one kg live weight gain for sheep on urea treated 
sorghum husk diet was lower by 28% than those on conventional diet. 
In conclusion, urea treated sorghum husk could be used up to 40% in 
sheep fattening to reduce the production cost and without a significant 
reduction in weight gain. 
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 ﻣﻠﺨﺺ اﻟﺪراﺳﺔ
آﺠﻢ وذﻟﻚ (  02- 81)ﺑﻴﻦ  أوزاﻧﻬﻢﺗﺘﺮاوح  ﻓﻲ هﺬﻩ اﻟﺪراﺳﺔ  ﺗﻢ اﺳﺘﻌﻤﺎل اﺛﻨﻲ ﻋﺸﺮ رأس ﻣﻦ اﻟﺨﺮاف  
ﻻوﻟﻲ ﻗﺴﻤﺖ اﻟﺨﺮاف اﻟﻲ ﻣﺠﻤﻮﻋﺘﻴﻦ، اﻟﻤﺠﻤﻮﻋﺔ ا. ﻟﺒﺘﺎب اﻟﺬرة اﻟﻤﻌﺎﻣﻞ ﺑﺎﻟﻴﻮرﻳﺎ  اﻟﻐﺬاﺋﻴﺔﻟﺘﺤﺪﻳﺪ اﻟﻘﻴﻤﺔ 
، (اﻟﻌﻠﻴﻘﺔ اﻟﺘﻘﻠﻴﺪﻳﺔ )واﻣﺒﺎز اﻟﻔﻮل اﻟﺴﻮداﻧﻲ  سﻳﺖ ﻋﻠﻲ ﺣﺒﻮب اﻟﺬرة ، ردة اﻟﻘﻤﺢ، ﻣﻠﺢ اﻟﻄﻌﺎم، اﻟﻤﻮﻻﺬﻏ
ﻣﻦ اﻟﺒﺘﺎب اﻟﻤﻌﺎﻣﻞ % 04ﻳﺖ اﻟﻤﺠﻤﻮﻋﺔ اﻟﺜﺎﻧﻴﺔ ﺑﻨﻔﺲ اﻟﻌﻠﻴﻘﺔ ﻣﻊ اﺳﺘﺒﺪال درﻳﺶ اﻟﺬرة ﺑﻨﺴﺒﺔ ﺬﺑﻴﻨﻤﺎ ﻏ
 اﻹﻧﺘﺎجﺎدة اﻟﺠﺎﻓﺔ، زﻳﺎدة اﻟﻮزن وﺗﻜﻠﻔﺔ اﻟﺘﺤﻠﻴﻞ اﻟﻜﻴﻤﻴﺎﺋﻲ ﻟﻠﻌﻠﻴﻘﺔ واﺳﺘﻬﻼك اﻟﻌﻠﻒ، هﻀﻤﻴﺔ اﻟﻤ. ﺑﺎﻟﻴﻮرﻳﺎ 
 . ﺑﺎﻟﻜﻴﻠﻮ ﺟﺮام اﻟﻮاﺣﺪ ﺗﻢ ﺗﻘﻴﻴﻤﻬﺎ
ﻟﻢ ﻳﻨﺨﻔﺾ . اﺳﺘﻌﻤﺎل اﻟﻴﻮرﻳﺎ زاد ﻣﺤﺘﻮي اﻟﺒﺮوﺗﻴﻦ اﻟﺨﺎم ﻣﻌﻨﻮﻳﺎ وﺧﻔﻀﺖ ﻧﺴﺒﺔ اﻟﻬﻤﻴﺴﻠﻴﻠﻮز       
ﺎف هﻀﻤﻴﺔ اﻟﻤﺎدة اﻟﺠﺎﻓﺔ واﻻﻟﻴ .ﺑﺘﺎب ﻣﻌﺎﻣﻞ% 04اﺳﺘﻬﻼك اﻟﻤﺎدة اﻟﺠﺎﻓﺔ ﺣﻴﻨﻤﺎ اﺑﺪﻟﺖ اﻟﻌﻠﻴﻘﺔ اﻟﺘﻘﻠﻴﺪﻳﺔ ب 
ﻓﻲ اﻟﺨﺮاف اﻟﺘﻲ اﻋﻄﻴﺖ اﻟﻌﻠﻴﻘﺔ اﻟﺘﻘﻠﻴﺪﻳﺔ ﺑﺎﻟﻤﻘﺎرﻧﺔ ﻣﻊ  ﻟﻢ ﻳﺴﺠﻼ اي ﻓﺮوﻗﺎت ﻣﻌﻨﻮﻳﺔ اﻟﺨﺎم واﻟﺒﺮوﺗﻴﻦ اﻟﺨﺎم 
 .   اﻣﺎ اﻟﺰﻳﺎدة اﻟﻴﻮﻣﻴﺔ ﻓﻲ اﻟﻮذن آﺎن اﻋﻠﻲ ﻓﻲ اﻟﻌﻠﻴﻘﺔ اﻟﺘﻘﻠﻴﺪﻳﺔ ﺑﺎﻟﻤﻘﺎرﻧﺔ ﻣﻊ اﻟﻌﻠﻴﻘﺔ اﻟﻤﻌﺎﻣﻠﺔ . اﻟﺒﺘﺎب اﻟﻤﻌﺎﻣﻞ 
 ﻳﺖ ﺑﺎﻟﻌﻠﻴﻘﺔ اﻟﺘﻘﻠﻴﺪﻳﺔﺬﻳﺖ ﺑﺎﻟﻌﻠﻴﻘﺔ اﻟﻤﻌﺎﻣﻠﺔ آﺎن اﻗﻞ ﻣﻦ اﻟﺘﻲ ﻏﺬﺤﻲ ﻟﻠﺨﺮاف اﻟﺘﻲ ﻏاﻟﻮذن اﻟﺗﻜﻠﻔﺔ آﻴﻠﻮ ﺟﺮام 
 .  %82ﺑﻨﺴﺒﺔ 
ﻓﻲ ﺗﺴﻤﻴﻦ اﻻﻏﻨﺎم وذﻟﻚ ﻻﻧﺨﻔﺎض  %04ﻧﺴﺒﺔ  ﺣﺘﻲ ﻓﻲ اﻟﺨﺘﺎم ﻓﺄن ﻋﻠﻴﻘﺔ اﻟﺒﺘﺎب اﻟﻤﻌﺎﻣﻞ ﻳﻤﻜﻦ اﺳﺘﻌﻤﺎﻟﻬﺎ
 .اﻹﻧﺘﺎجﺗﻜﻠﻔﺔ 
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Introduction 
 
       The roughages available to livestock in Sudan were estimated as 
86 million tones dry matter. The natural range supplies 62 million 
tones, agriculture and industrial by-products supplies 19 million 
tones, cultivated green fodders crops 4 million tones and feed-milled 
concentrate 1 million tone (Khari, 1999). El Hag,M and Kurdi,O 
(1993) reported that agro-industrial by-products available in Sudan 
could satisfy about 11 % of the requirements of the animal’s 
population. Crop residues have inherent disadvantages limiting their 
nutritive values, such as low nitrogen content, low intake and low 
digestibility. Treatment of the by-products to increase the nutritive 
value, feed intake and digestibility, includes physical treatment 
(Mannetje, 2000), biological treatment (Ibrahim and Schiere, 1986; 
Suksombot, 2004), and Chemical treatment (Maehl, 1997; 
McDonald et al., 2003). A study of Badur and Elhag (1989), in 
Sudan, indicated that improvement of in-vitro dry matter 
digestibility (IVMD) of wheat straw and groundnut hulls were 
27.75% and 6.5 % higher after ensiling with sodium hydroxide. Of 
the available chemical treatment techniques, ammonia (urea) 
treatment (Sundstol and Owen, 1984) has the most practical 
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relevance to small scale farmers (Doyle et al 1986).  
 Very few if any studies were carried on sorghum husk 
(Butab) as to determine their potential as animal feed. Therefore, 
this study is aimed at determining the nutritional value of the urea 
treated sorghum husk (Butab). 
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                                       Chapter One 
                                    Literature Review 
1- 1 Animals feeding (Requirement):- 
Feed is the single largest cost associated with raising small 
ruminants, typically accounting for 60% or more of total production 
costs. It goes without saying that nutrition exerts a very large 
influence on flock reproduction, milk production, and lamb and kid 
growth. Late-gestation and lactation are the most critical periods for 
ewe and doe nutrition, with lactation placing the highest nutritional 
demands on ewes/does. Nutrition level largely determines growth 
rate in lambs and kids.  
Small ruminants require energy, protein, vitamins, minerals, 
fiber, and water. Energy (calories) is usually the most limiting 
nutrient, whereas protein is the most expensive. Deficiencies, 
excesses, and imbalances of vitamins and minerals can limit animal 
performance and lead to various health problems.  Fiber (bulk) is 
necessary to maintain a healthy rumen environment and prevent 
digestive upsets. Water is the cheapest feed ingredient, yet often the 
most neglected, (Schoenian, 2003). 
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1-2 Vitamins and minerals:- 
  Many minerals are required by small ruminants. The most 
important are salt, calcium, and phosphorus. The ratio of calcium to 
phosphorus should be kept around 2:1 to prevent urinary calculi. 
Vitamins are need in small amounts. Small ruminants require 
vitamins A, D and E, whereas vitamin K and all the B vitamins are 
manufactured   in the rumen.( Durand, M, and Kommisarezuk, 
1988). 
  A free choice salt-vitamin-mineral premix should be 
made available to small ruminants at all times, unless a premix has 
been incorporated into the grain ration or TMR (total mixed ration). 
In the very least, ewes and goats should be fed pre-choice mineral 
during late gestation and lactation, (Schoenian, 2003). 
   Force-feeding minerals and vitamins is actually better than 
offering it free choice since animals will not consume minerals 
according to their needs. Goats appear to have a much higher 
tolerance for copper in their diets as compared to sheep, thus it is 
recommended that feeds and/or premixes contain copper, unless the 
goats are co-mingled with sheep. Sheep should be fed mineral mixes 
that have been specifically formulated for sheep, (McDonald ,et al 
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2003 ). 
It is possible to get plated supplements that contain 
vitamins and minerals, as well as high levels of protein (34-40%). 
These supplements can easily be combined with whole grains or by-
product feeds to create a balanced concentrate ration. Coccidiostats 
and Antibiotics can also be added to the mineral mix or supplement,( 
Kunju .P.J.g., 1986).  
1-3Water:- 
            Small ruminants should have ad-libitum access to clean, 
fresh water at all times. A mature animal will consume between ¾ to 
1 ½ gallons of water per day. Water requirements and intake 
increase greatly during late gestation and lactation. Water 
requirements increase substantially when environmental 
temperatures rise above 70°F and decline with very cold 
environmental temperatures. An animal’s nutrient requirements will 
increase if it has to consume cold water during cold weather. Rain, 
dew, and snowfall may dramatically decrease free water intake. 
Inadequate water intake can cause various health problems. In 
addition water and feed intake are positively correlated (Schoenian 
2003). 
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1-4 Maintenance requirement:- 
           Many factors affect the nutritional requirements of small 
ruminants: maintenance, growth, pregnancy, lactation, fiber 
production, activity, and environment. As a general rule of thumb, 
sheep and goats will consume 2 to 4 percent of their body weight on 
a dry matter basis in feed. The exact percentage varies according to 
the size (weight) of the animal, with smaller animals needing a 
higher intake (percentage-wise) to maintain their weight (McDonald 
,et al 2003 ). 
Maintenance requirements increase as the level of the 
animals' activity increases. For example, a sheep or goat that has to 
travel a farther distance for feed and water will have a higher 
maintenance requirement than animals in a feed lot. Environmental 
conditions also affect maintenance requirements. In cold and severe 
weather, sheep and goats require more feed to maintain body heat. 
The added stresses of pregnancy, lactation, and growth further 
increase nutrient requirements (Schoenian (2003 ). 
The food available to livestock in Sudan includes:   
1-Grain fodders, such as abu70, clitoria and philipsara. 
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2- Roughages such as straw, wheat straw, silage, hay and sorghum 
husk. 
1-5 Roughages:- 
Roughages are bulky feed which high in fiber and low in 
protein. They are used mainly by herbivorous animals, includes 
pasture  
and dehydrate forage silage and crop residue (Ckeeke, 2005 ).  
With increases in population pressure and the demand for 
more food and farmland, the use of crop residues and by-products is 
increasing. Straw, for example, is a valuable feed resource especially 
during the dry season. However, the feeding of straws to ruminants 
is constrained by their slow rate of degradation and therefore low 
total digestibility, their low propriety fermentation pattern in the 
rumen and their negligible levels of both fermentable N and by-pass 
protein which is usually associated with their low intake,( Redman, 
R. G., et al. 1980). 
1-5-1 Sorghum husk (Butab) 
Sorghum husk (Butab), or crop residues is the by -product 
left after the seeds are collected., The residues are usually burned out 
in the field in order to clear and clean the land from possible pest 
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infestation hazard in the residues. 
The residues are likely to harbor insects harmful to 
growing sorghum plant. 
1-5-2 Roughages as feed of the ruminant:- 
The majority of feed ingested by the herbivore mammals, 
are roughages which have a high structural carbohydrates 
component mainly cellulose and hemicelluloses. Ruminants have 
evolved a digestive system, where by they can utilize cell wall 
components by micro-organisms synthesized-enzyme complexes 
capable of degrading them. The biological features of the rumen 
provide mechanisms for fermentation of solid substrates, product 
removal, and maintenance of pH and disposal of fermentation gases. 
The rumen is a warm (39°C) anaerobic, chemically reducing 
environment rich in organic matter. The pH of the rumen contents is 
approximately 6.5, (Talib, 1999). This is held relatively constant by 
the buffering action of the large amount of secreted saliva which is 
high in sodium and potassium bicarbonate and urea, and by 
absorption through the rumen wall into the blood stream of volatile 
fatty acids (VFA) and ammonia (NH3) produced during 
fermentation. Types of microorganisms that can exist in the rumen, 
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bacteria, protozoa and fungi, are constrained by temperature, 
oxidation-reduction potential and Ph, (Talib, 1999). The digestibility 
of straws can, however, be improved by alkali treatment, 
ammonization, and treatment with poultry manure or feeding with 
green forage legumes.  
A simple method of treating roughages with NaOH could 
significantly improve their intake and digestibility,(Badr and Elhag, 
1989). However, the cost and availability of NaOH may pose an 
important constraint under rural conditions. It is hazardous if not 
well handled and is a pollutant to environment (Njwe, 1995). 
1-5-3 Characteristics of roughages:-  
Roughages and many agro-industrial by-products have 
certain inherent disadvantages in that nutritionally, they have low 
digestibility and are deficient in nitrogen and in many mineral 
elements; they may contain high amounts of indigestible lignin and 
silica and low digestibility associated with low nitrogen content of 
the feed limits intake. Animals on these diets alone are often in 
negative energy and nitrogen balance, it is therefore essential that 
these deficiencies are corrected when roughages and agricultural by-
products are used as feeds (Jayasuriya, 2001). 
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  Laboratory analysis indicates that most by-products are of 
relatively poor quality with very high contents of lignin and crude 
fiber and low content of nitrogen, (Leng, R.A. 1990). 
Seven different feeding trials were conducted with cattle, 
sheep and goats. The rations contained cottonseed cake, wheat bran, 
molasses and urea with roughage supplied by cereal crop residues, 
or bagasse, or groundnut hulls. Animal performance was comparable 
with that obtained on conventional high grain rations but the cost 
was 50% less, (FAO, 2003). 
Different methods have been studied to enhance the 
nutritive value of groundnut hulls, sorghum straw and bagasse. 
Results were not very encouraging either for ensiling or NaOH 
treatment applied to groundnut hulls and sorghum straw. Based on 
these findings the use of NaOH is not advocated under Sudan 
conditions due to its high cost, lack of experience in its use and 
hazards encountered with its application, (Njwe, 1995). 
The method which proved to be successful and promising 
was physical treatment (grinding and pelleting). Levels of pelleted 
bagasse of 30, 40 and 50% resulted in improved digestibility and 
intake of the overall diet with 40% better animal performance. This 
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method is recommended under Sudan conditions because of its 
simplicity and cheapness compared to chemical treatment, (FAO, 
2003). 
1-5-4 Factors that affect the Utilization of roughages:- 
The efficiency of utilization of low-quality roughages by 
ruminants for productive purposes is altered by numerous factors 
which are associated with the feed or animals, these include:-  
   The availability of microbial nutrients in the feed to support an 
efficient microbial growth, and high rate and extent of digestion in 
the rumen which in turn optimizes intake. 
    The ratio of soluble cell wall carbohydrates in the forage. This 
ratio markedly affects the population density mix of the major 
micro_ organisms in the rumen (eg: bacteria, fungi and protozoa). 
    The physiological state and previous dietary and health history of 
the animal which determine the quantative demand for balance of 
nutrients required. 
     The thermal environment which determines the requirements for 
substrate oxidation for maintenance of body temperature and alters 
the balance of nutrients available for anabolic functions. 
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    The chemical and physical characteristics of forage which 
determine the proportion of feed digested by microbial fermentation 
and the dietary nutrients that escape rumen fermentation and are 
available for digestion and absorption in the intestines (LENG, R.A 
1990). 
1-5-5 Supplementation of roughages:- 
Roughages are generally of low nutritive value. One way 
of improving the quality of the animal's diet is to supplement them 
with other feed resources which are richer in energy and protein 
and/or superior in digestibility or intake.This supplement include:- 
1-5-5-1 Urea supplementation:- 
Urea is used, in feeds stuffs containing nitrogen in a form 
other than protein or polypeptides. Urea dominates the market, but 
other forms of NPN (non-protein nitrogen) include ammonium salts 
(such as biuret) and ammoniated by-products. Urea is very 
degradable in the rumen (Hadjipanayiotou, M. et al. 1996). 
Supplementation with urea can improve the digestibility of 
nutrients contained in supplemented materials provided the level of 
urea was at 0.5 to 2%. There is a risk involved when urea nitrogen in 
the diet exceeds 30%. This may lead to potassium losses in urine 
13 
 
resulting in the depletion of the animal’s body supplies, eventually 
this can lead to depressed bacterial growth, decreased synthesis of 
the B – vitamins in the rumen, loss of appetite, and cerebrocortical 
necrosis (Naga and El-Shazly (1982). 
1-5-5-2 Using animal wastes:- 
Excreta from poultry are rich in N mostly as uric acid 
which hydrolyse to ammonia by rumen micro-organism.  
Poultry wastes used at 25-40% level can meet most of the 
protein and mineral requirements in ruminant livestock (Njwe, 
1995). However, the use of poultry wastes in ruminant feeds tend to 
result in reduced microbial count, low dietary energy content, 
exposure to pathogens and high intake of antibiotics and 
chemotherapeutics that may be present in the waste. Incorporation of 
high energy feed ingredients such as molasses, root crops and grains 
can balance energy requirements and maximize utilization of the 
non-protein nitrogen (NPN) fraction of the wastes; mixing molasses 
with ration containing   poultry wastes may  
improve palatability and intake and prevent eye and respiratory 
problems associated with the dusty nature of poultry waste. 
Pathogens could be eliminated by ensiling, stacking, formaldehyde 
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treatment or dehydration (Njwe, 1995). 
The feeding of small amounts of concentrate feeds can 
increase the utilization of roughage feeds by ruminant livestock in 
some feeding systems Doyle, P.T.et al.(1986). Improvements in the 
digestibility of roughages are due to the provision of necessary 
nutrients (especially degradable protein) to promote rumen 
fermentation, resulting in increased fiber digestion and intakes of 
roughages, reduced wastes from unconsumed and undigested feeds, 
and increased animal productivity and efficiency. These effects can be 
particularly important in feeding systems based on relatively poor 
quality roughages, such as in many small-holder and semi-intensive 
ruminant systems. It may be noted, however, that at higher levels of 
feeding with better quality roughages, and with cereals and/or high-
sugar concentrates, substitution effects occur so that fiber digestion 
and roughage intakes may be reduced by increased concentrate 
feeding. This occurs particularly in intensive dairy production 
systems, with the consequences that increases in productivity in these 
systems may result in an increased demand for concentrate feeds, 
(Schoenian, 2003 ). 
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1-5-5-3 Roles and implications of concentrate feeding: 
The primary role of concentrate feeds is to provide 
concentrated sources of necessary nutrients for livestock production. 
These nutrients include not only macro-nutrients of energy and 
protein but also important specific nutrients such as amino acids, 
fatty acids, enzymes, vitamins, minerals and others( Cheeke, 2005). 
Many ruminant production systems also use concentrate 
feeds. In intensive systems, especially for milk production and in 
fattening periods for meat production, concentrates may form a high 
proportion of diets (over 30% and 70% respectively).  Ruminant 
production systems of lower intensity sometimes utilize concentrate 
feeds to supplement roughage based diets, either to mitigate the 
seasonality of forage supplies, or to meet the higher nutrient 
requirements for particular classes of stock or animals in critical 
physiological states, such as lactating cows, wiener calves or draught 
animals McDonald,J.,et al ,(2003). 
Two specific additional consequences of concentrate 
feeding are important to note in the context of environmental 
impacts of feed utilization. The first is that improvements in 
livestock productivity are generally associated with improved 
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biological efficiency of feed use; the second is the role of 
concentrate feeds in promoting better utilization of roughage feeds 
for ruminant livestock Cheeke,(2005). 
Livestock production and productivity The consequences 
of increased livestock productivity are that the total outputs of 
livestock products may be increased, or that required production 
levels may be achieved from fewer animals. In either case, the 
efficiency of production is improved, requiring less total feed per 
unit of livestock product, (FAO, 2003). 
Improved efficiency of feed-use is a consequence of an 
increase in the proportion of feeds going to useful production (i.e. 
growth, milk production or draught power output) as production 
increases, and thus a reduction in the proportion going to 
maintenance of the animal. Improved individual animal productivity 
also leads to changes in livestock numbers and population structures 
required to maintain particular levels of production. Thus, fewer 
breeding animals and replacements are required due to longer 
productive lives, improved reproductive and survival rates, and 
shorter rearing periods. Increases in the overall efficiency of feed-
use in production systems through these changes can be very 
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substantial,  (Mustafa, A. Z. et al. 1990). 
Improvements in productivity and feed efficiency through 
the improved use of concentrate feeds can be achieved in all 
livestock production systems. In systems already based solely on 
concentrate feeds, useful improvements may still be derived from 
improved quality and better balancing of nutrients to requirements. 
In less intensive systems, productivity and efficiency can be 
improved several fold. Both will have important effects on demand 
for concentrate feeds and on environmental impacts, (FAO, 2003). 
The supplementation should also maintain or increase 
intake of the basal dietary material. The supplement should increase 
the efficiency of utilization of nutrients leading to increased animal 
production. In general while non protein nitrogen (NPN) supplies 
dietary requirement, undegraded dietary protein (UDP) increases the 
amino acid supply to the animal, providing for increased production 
(Jayasuriya, 1986).  
1-5-5-4  The effect of varying level of concentrate to roughage 
ration   on  performance :- 
It has been shown that an increase in concentrate 
supplementation is an efficient way to increase dry matter and 
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nutrient intake of animal (Kalra et al., 1977).  
Hemsley and Mair (1963) reported an increase of feed 
intake of poor quality roughage by addition of concentrate.  
According to Lofgreen et al . (1981) the addition of 75% concentrate 
diet to millet or alfalfa hay had positive effect on coefficients of 
apparent digestibility of dry matter of protein and energy.   
Madrid et al. (1999) showed that supplementation and 
straw treatment increase dry matter and digestible organic matter 
intake .it has been suggested that dry matter intake could be 
increased by such methods as wilting of forage and by neutralizing 
the negative effects of tannin by tannin – complexing agent (Degen 
et al.,2000). 
Red Forne (1972) assumed that molasses intake were 
higher with same roughage dry matter intake in the form of wheat 
straw as compared with freshly cut immature forage sorghum .  
1-5-5-4-1 Live weight gain:-  
Desmond (1988) defined growth as sum of those 
coordinated biological and chemical processes which start at 
fertilization of ovum and finish when body size and physiological 
function of adult animal have been attained. Aganga et al. (2000) 
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compared variations in body weight gain between Tsawana sheep 
and goats. He suggested that average daily weight gain by Tsawana 
sheep was significantly different .Sheep fed on millet forage had a 
higher daily weight gain(120.24+_8.19 g) compared with sheep fed 
on veldt grass (92.86+_6.94g). 
1-6 Treatment:- 
Silage is forage, crop residues or agricultural and industrial 
by-products, preserved by acids, either added or produced by natural 
fermentation. Fresh forage is harvested, or crop residues and by-
products are collected, the material may be chopped or conditioned, 
additives may be added, and it is then stored in the absence of air so 
that facultative anaerobic bacteria, present on the forage, or added as 
inoculants, can rapidly convert soluble carbohydrates into acids. The 
quality of the ensiled product depends on the feeding value of the 
material ensiled and on the fermentation products present: the types 
of acids and the amount of ammonia. The resulting pH of a well-
ensiled product becomes so low that all life processes come to a halt 
and the material will be preserved so long as it remains in air tight 
storage,  (Mannetje, 2000). 
Improving the nutritive quality of straw, e.g. for use as 
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animal feed can be done by chemical treatment, physical treatment, 
biological treatment and the combine of these. Farmers will have to 
select the one that gives them the highest economic return, (Flegel 
and Meevootism 1986).   
Ammonia as gas or generated from urea (by bacterial 
and/or plant urease in the ensiling process) hydrolyses the 
chemical/physical bonds between lignin and the cellulose and 
hemicelluloses in the plant cell walls. The hydrolysis of these bonds 
makes the cellulose and hemicelluloses more accessible to 
microorganisms in the rumen and increases total fermentation and 
usually the rate of fermentation. Some chemical hydrolysis of 
hemicelluloses also takes place resulting in an increase in the portion 
of soluble carbohydrate in the straw, (Maehl,1997). 
Feeding materials that are high in lignocellulose tend to 
have a low digestibility, low nitrogen content and low animal 
production potential. Simple inexpensive treatments which increase 
lignocellulose break down in the rumen and supplements of non-
protein nitrogen could significantly increase animal production. 
However, when subjected to 3-6% sodium hydroxide solution and/or 
steam treatment, irradiation, grinding and ammoniation, 
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lignocellulose break down in the rumen is increased, and with the 
addition of non-protein nitrogen its utilization increases and thus 
improves animal production. Wong et al, (1974), reported that 
treating bagasse with high pressure (14 kg/cm2) steam for five 
minutes raised dry-matter digestibility from 28 to 60%.  
Processing of roughages consists of the physical and 
chemical treatment of mainly fibrous cereal straws and Stovers to 
make them more easily digestible by animals. Physical processing 
covers a range of different methods, including chopping, soaking in 
water and ensiling. Chemical processing mostly refers to the 
treatment of straws and stovers with various alkaline, of which 
treatment with urea appears to be by far the most common (Maehl, 
1997). 
1-6-1 Biological treatments:- 
The principle of this method is the splitting of the cellulose 
lignin complex by extraction or decomposition of lignin. An ideal 
fermentation, digesting cellulose and lignin containing 
lignocelluloses residue can be found in the rumen of both domestic 
and wild animals. The main problem of biological treatment is to 
find suitable microorganisms. 
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The organism selected must be able to degrade lignin since 
lignin interferes with digestibility, to yield high protein content 
including considerably high proportion of essential amino acids 
required to the ruminants, to convert cheap nitrogen source such as 
urea into biomass and not produce toxin or cause diseases like 
allergic reaction (Ibrahim and Schiere, 1986), (Sukser bots 2004 ). 
1-6-1-1 Microbiological biosynthesis using, enzymes, amino acids 
and vitamins:- 
In this method, whey, molasses, hydrolyzed beet pulp and 
other products containing carbohydrates or cellulose are fermented 
using various strains of yeasts, fungi and bacteria. There is much 
prospect for these processes in solving world feed problems 
(Kazimierz Szebiotko, 2000). 
1-6-2 Physical treatment:- 
Processing of crop residues consists of the physical and/or 
chemical treatment of mainly fibrous cereal straws and stovers to 
make them more easily digestible by animals. Physical processing 
covers a range of different methods, including chopping, soaking in 
water and ensiling (Maehl, 1997),(Mannetje, 2000).   
Treatment with high steam pressure or high intensive 
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ionizing radiation can increase digestibility, but considerable 
expenditure of energy is required to achieve the desired result. It 
seems likely that a combination of some grinding treatment, 
combined with a chemical treatment will prove to be most effective 
way to upgrade the nutritive value of most major crop residues, 
(Mannetje, 2000). 
1-6-3 Chemical treatment:- 
The digestibility of straw can, however, is improved by 
alkali- ammoniation. Alkali only, treatment of by-products also 
improves intake and digestibility.  
1-6-3-1 Treatment with NaOH:- 
Crop residues were sprayed with NaOH solution so that   
they were uniformly wetted. The material was fed either 24h later or 
stored. Storing of treated straw did not further improve digestibility 
(Maehl, 1997),(McDonald ,et al 2003 ). 
However, the cost and availability of NaOH may pose an 
important constraint under rural conditions. It is hazardous if not 
well handled and is a pollutant to environment. 
1-6-3-2 Treatment with NaOH, Ozone, NH4OH and SO2:- 
When these chemicals were used, in-vitro organic matter 
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digestibility of the residue was increased by 80% with SO2, whereas 
NaOH and O3 improved IVOMD by only 50%. The NH4OH 
treatment had a small effect (Maehl, 1997) 
1-6-3-3 Treatment with Ca (OH)2, NaOH :- 
The use of Ca (OH)2 in improving digestibility has been of 
interest because of its low cost. However, there was considerable 
mould in many of the silages treated with Ca (OH)2 alone. 
Digestibility of straw treated with a mixture of Ca (OH) 2 with NaOH 
or urea improved with ensiling (Maehl, 1997). 
1-6-3-4 Ammoniation by urea:- 
An indirect NH3 treatment, (where straw is ensiled with an 
aqueous solution of urea) has been tested. Straw was ensiled in steel 
drums, plastic bags or stacks covered with plastic Ammoniation 
improved digestibility of both long and chopped 
straw,(Saadullah,M.M et al,1981)  
Feeding ammoniated straw to ruminants may result in 
relatively uniform NH3 levels in the rumen (Hadjipanayiotou et al., 
1996). 
Ammonium hydroxide from urea appears to be safer to use 
than direct liquid ammonia or gaseous ammonia. When mixed with 
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an equal weight of water, the mixture contains about 5% urea 
equivalent of dry matter on dry-weight basis. The mixture can be 
kept in water trough and feed containers covered with plastic sheet 
to prevent exposure to air for 3-4 weeks. After this period the plastic 
sheet is opened to release ammonia that has been produced, and the 
material can be fed to animals (Njwe, 1995). 
1-6-3-5 Ammoniation of straw with aqueous ammonia:- 
The same procedures, as used for urea ensiling, can be 
applied to aqueous ammonia. Twelve and a half kg of aqueous 
ammonia (18% ammonia) are added to 75 kg of straw. The ammonia 
solution is added to each level of the stack as the stack is constructed 
in a pit or above ground. The stack is sealed with plastic as 
described above. 
All these methods require from 10 days (tropical countries) 
or up to six weeks (temperate countries) for digestibility to be 
optimized. 
A combination of gaseous ammonia and aqueous ammonia 
is applicable on large farms where numerous batches of straw are to 
be treated. The loss of gaseous ammonia on opening the stacks is 
wasteful and often makes the whole procedure uneconomic; 
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however, the gaseous ammonia from one stack can be blown to 
adjacent stacks using a compressor (Wastgaard, 1981). 
1-6-3-6 Ammoniation with dry chemicals:- 
A recent development in ammoniation is the use of dry 
chemicals which when mixed together generates ammonia gas. For 
one tone of straw, 132 kg ammonium sulphate and 70 kg quicklime 
(CaO) are mixed in a metal trough placed adjacent to the stack of 
straw which is then covered with plastic sheet using the same 
procedure as for ammoniation with ammonia gas. 120 kg water is 
then added to the chemicals in the trough using a plastic hosepipe 
inserted through the plastic cover. These quantities of chemicals are 
needed to generate 34 kg ammonia. The reaction proceeds rapidly 
because of the heat developed when the quicklime reacts with the 
water. The method appears to be more effective than urea-
ensiling,(Njwe, 1995). 
1-6-3-7 Ammonia gas:- 
There are many factors which influence the effect of 
ammonia treatment,: increasing dosage of ammonia up to 3 – 4 % of 
the straw, temperature, moisture content of straw, time of treatment 
all seem to have positive effects on the treatment response. 
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This response to ammonia treatment depends to great 
extent on the material in question. For instance the treatment is 
relatively non-effective when the initial nutritive value of material is 
low. However, for poor materials such as rice hulls the improvement 
achieved by ammonia treatment is marginal, (Wastgaard, 1981). 
Straw stacks are constructed of a size that can be readily   
covered  by the black polythene sheeting available in most countries. 
On sandy soils a ground sheet is required. Where large stacks are to 
be ammoniated, the straw should be sampled and the dry matter 
content determined. Water should be added to the straw to raise the 
moisture content to at least 15%. 
The ammonia-gas cylinder is connected to a long 
perforated metal   pipe about 4 cm in diameter which is inserted into 
the stack through a hole in the plastic about the middle of one end 
and pushed into the stack (the bales are always stacked so as to 
facilitate its entry) (Wastgaard, 1981). 
The plastic sheet is tied around the tube and sealed along 
the bottom edges of the stack with earth. A weighed amount of 
ammonia is then added to give 3 kg of ammonia/100 kg of straw. 
The ammonia is rapidly absorbed into water and although the plastic 
28 
 
sheet billows it is not likely to rupture. As ammonia inhalation is 
deleterious to health, it is beneficial to force air through the stacks 
and trap the excess ammonia prior to opening the stack (Maehl, 
1997). 
Ammoniation of straws with gaseous ammonia is 
improved by raising the temperature to 90°C. In Europe, ovens have 
been developed which take several tones of straw and enable the 
treatment time to be reduced to less than 24 hours. The treatment of 
straw at these temperatures can give rise to toxic compounds which 
cause “bovine hysteria” and since these compounds are transmitted 
via milk, it becomes hazardous (to calf or human health) to feed 
these feeds to dairy cows. The method is not recommended for 
developing countries (Maehl, 1997). 
1-6-3-8 The use of animal urine to ammoniate straw:- 
 Animal urine, provided that it comes from animals 
consuming diets adequate in nitrogen, can be used to provide the 
source of urea for ensiling with straw. 
Initially in any system where treatment of straw with urine 
is to be an on-going technology, it is probably advisable to estimate 
the quantity of urea in urine and to fortify the urine in the first 
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treatment. From then on the urine ought to contain sufficient urea, if 
the animals are fed on the ammoniated straw. 
Urine is collected from animals or humans and the straw is 
ensiled with the urine in a similar way to that described above for 
the urea-ensiling method,(Saadullah, M.,M.et al 1980).  
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Chapter Two 
Materials and Methods 
2-1 Study of area:- 
The study was carried out at Elgedarif city, Eastern Sudan.  
2-2-1 Treatment of the residue (Butab):- 
About 1000 kilograms of residue were treated with 50Kg 
of urea dissolved in 570 liters of water. The mixture was added to 
the butab through the agricultural Knapsack sprayer and stored in a 
big stack. The stack was covered with a plastic sheet which was 
tightly packed, so that anaerobic fermentation conditions can be 
produced inside the stack. Packing was done with heavy loads of 
residue bales evenly distributed upon the stack. Ammonia gas smell 
was detected after incubation period. The stack cover was opened to 
air and allowed to dry under shade before feeding to the animal   
2-3 Experimental animals:- 
Twelve lambs of Sudanese sheep of weight ranging 
between 18-20kg were used in the study. The lambs were dosed with 
Ivomic (MSD) for internal parasites and sprayed with Rantak C for 
the control of external parasites. The animals were kept under shade, 
inside an open sided pen (3m X 7m.), and roofed, with local 
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materials. 
The lambs were divided to two groups. One group offered 
sorghum grains, wheat bran, molasses and groundnut cake( 
Conventional diet), while the other group offered the same ration but 
40% of it substituted by urea treated sorghum husk (buttab). Each 
group was kept separately in each pen with sheds, but individually in 
feed intake and water. 
Seven days were allowed as adaptation periods before 
measurement were taken. The diets were fed ad-libitum, and intake 
was measured weekly from daily data. Clean water was provided in 
suitable troughs, available all time, the lambs were weighed weekly.  
The diets ration fed in experiment are shown in table (1). 
Rations were prepared in a mash form and fed to animals at 8 am 
daily. The residue is weighted before the new ration is offered.   
2-3-1 Live weight gain:- 
The initial live body weight was recorded on first day of 
experiment. The experiment lasted for 70 days.  
 
2-4 fecal collection for digestibility study. -  
Fecal samples were collected from each one individually 
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during the last week. It was dried in oven at 105° C. Digestibility of 
dry matter was estimated.  
2-5 Chemical analysis 
The samples of feeds and feces collected during the 
experiments were analyzed for their proximate components. The 
methods used were AOAC (1980). 
2-6 Statistical analysis: 
Data collected were analyzed by one way analysis of 
variance (ANOVA) in CRD and differences between means were 
separated by LSD using SAS, (1993).  
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Table 1. Component (%) of experimental diets fed to the sheep 
 
 
 
 
 
 
 
 
 
 
Ingredient Convential    
diets 
Urea tr 
sorghum husk 
diets 
Sorghum 50 - 
Wheat bran 16    23 
Molasses 10 10 
Ground nut cake 22 25 
Common salt 2 2 
Urea treated buttab - 40 
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Table (2) Chemical composition of sorghum , groundnut cake, 
wheat bran and molasses(%) 
Sample DM  CP  CF  EE NFE ASH 
Sorghum 94.5 13.23 2.48 2.5 74.1 2.15 
ground nut 
cake 
95.4 43.9 9.72 7.96 24.89 9.25 
Wheat 
bran 
93.5 16.83 12.98 3.23 48.85 5.82 
molasses 73.5  3.52  -  .15 58.1 12.24 
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Table (3) Chemical composition of sorghum husk (Butab) and  
sorghum grain (convential diets), urea treated sorghum husk diets. 
Sample DM  EE    CP CF Ash Hemicellulose NFE 
untreated 
Butab 
96.80 2.13 7.5 81.36 5.79 25.89 3.22 
Treated 
Butab 
95.21 1.53 11.5 73.34 5.55 8.64 8.08 
Convential 
diet  
90.25 3.52 19.25 5.46 5.36 _ 56.16 
Urea 
treated 
sorghum 
husk diet 
81.29 2.88 17.24 33.56 6.41 _ 23.27 
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Chapter Three 
Results and Discussion 
3-1 Chemical composition:- 
 Table 3 shows the crude protein, dry matter, crude fiber, 
hemicelluloses and ether extract for convential diets and urea treated 
sorghum husk diets.It could be show that The crude protein 
increased when sorghum husk treated with urea. In contrast, 
hemicellulose was decreased in urea treated sorghum husk in this 
study. Such rise in nitrogen concentration was also observed by in 
urea treated oaten chaff (Red man et al., (1980); oat hulls (Kempton 
and Feng,1979), rice straw  (Fadel Elssed et al., 2003), or Bagasse 
(Atta Elmanan, et al., 2007). In the same line, Fadel Elssed et al., 
(2003) reported reduction in hemicellulose content. This reduction 
might be attributed to the generic action of alkalis that disturbing 
cell-wall contentresulting in increasing the soluble fraction  (Atta 
Elmanan, et al., 2007).  
3-2 Feed lot performance:- 
3-2-1 Feed intake and Digestibility:- 
It could be show that the urea treated sorghum husk diet is 
similar in DM, and CP digestibility to the sorghum grain 
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conventional diet (Table5) show the result.  This result may have 
been partially caused by alkali treatment which convert insoluble 
fraction to the soluble fraction making it easier for rumen cellullytic 
bacteria to colonize and degrade ingested fibrous materials (Atta 
Elmanan, et al., 2007). Moreover, some stimulatory effects of 
nitrogen (due to treatment with urea), upon food intake possibly lead 
to enhancement of microbial fermentation and digestion in the 
rumen, as well as digestion of feed in the whole digestive tract, 
(Egan and Doyle, 1985). 
The dry matter and crude protein intake were not 
significantly differing between the two rations (Table 5). 
Improvement in N content in the treated residue leads to an increase 
in DM and N intake. Egan and Doyle (1985) reported an increase in 
DM intake of oaten hay by sheep infused with urea solution in the 
rumen, in order to increase dietary nitrogen intake, which was 
basically deficient. Similar results were obtained by Weston (1967), 
with infusion of urea and protein in rumen of sheep fed wheat straw.  
Low nitrogen content un-treated sorghum husk (Butab) in this study 
is below recommended nitrogen concentration for ruminant feeds 
(13 %) to optimize the feed intake. However, the increment of 
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nitrogen content due to urea treatment assumed to  produce an 
ammonia–N concentration in the rumen, equal to 50 mg N / L rumen 
fluid (Satter and Slyter, 1974) that may provide optimum ruminal 
environment  for maximum microbial feed fermentation and 
digestion, as well as, more feed intake (Weston, 1974). 
 
3-2-2 Weight Gain:- 
The weight gain and FCR is shown in Table (4). The lambs 
fed sorghum grain diet (conventional diet) gained 195.5 g/day 
compared to 131.05 g / day when fed urea treated sorghum husk 
diet. The result of urea treated sorghum husk diet is agreed with that 
obtained by Aganga et al., (2000) (120.24 g / day) for sheep fed 
millet forage. 
3-4 Cost of live weight:- 
The cost of one kg live weight gain for sheep on urea 
treated sorghum husk diet was lower by 28% than those on 
conventional diet. 
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Table ( 4 ) Average daily , feed intake , daily gain  of two group 
 No. 
animal
Initial 
live 
wt(kg)
Final 
wt(kg)
Daily 
wt 
gain(g) 
Daily 
feed 
intake 
FCR 
Group(A) 6 19.43 33.12 195.48 1266.7 6.49 
Group(B) 6 19.88 29.00 131.05 1250.0 9.63 
Main grand _ 19.66 31.09 163.26 1258.3 8.06 
Standard 
error 
_ 0.16 0.49 7.66 21.73 0.32 
C.V  _ 2% 4% 11.43% 4.23% 9.69% 
Level of sig NS  **     ** NS   *** 
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Table (5): Average crude protein intake, dry matter intake, 
digestible crude protein, digestible dry matter  
 No of 
animal 
Days 
feed 
CPI 
g/kg 
DMI
g/kg 
DCP
% 
DDM
% 
Cost /SG
Group A 6 70 19.25 90.25 76.00 68.83 6.8 
Group B 6 70 17.24 81.25 80.14 64.50 4.9 
Grand 
mean 
- - 18.25 85.75 78.08 66.67 5.36 
Standard 
error 
- - 0.25 1.38 1.26 4.55 1.33 
C.V % - - 3.58 4.23 3.94 16.7 6.43 
Level of 
significant
- - N.S N.S N.S N.S N.S 
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Conclusions and Recommendations 
     Sheep offered ammoniated sorghum husk at level of 40%      
of the total concentrated diet increased feed intake and reduced the 
cost of one kg live weight by about 28%. 
     More research needed to investigation the buttab ration in 
other animal species and for different kind of production. Further 
studies with different levels of buttab are recommended. 
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Plate (1) Sorghum husk (Buttab) 
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Plate (2) Urea for Buttab treatment 
 
Plate (3) Urea solution added to sorghum huck via Knapsack 
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sprayer  
 
 
Plate (4): Preparation of the feeding. 
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Plate (5): Addition of molasses and salt to the 
experimental diets. 
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Plate ( 6 ): Feeding the experimental diets to the sheep 
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Plate (7): Weighing of lambs during fattening 
experiment (on weekly biases).  
 
 
 
 
 
 
 
 
 
